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‘1’l]c: 1’1’(1 ac.liicvc:s its f’,oals  via (I]lt:c f’~ll](tiolls:  1) St:lll[lill (li7:ltioll  of”
[t’.lctc:OIiiill  [] fli(::[tio]is, ” 2) Ic{’,lll:ltit)l]  of’l:l(]io (-f)ll]]tlllllic:[ltlolls,  allcl 3)
dt:vctl(Jl)lIlc]Il of(clc(~olitll]  t]]]i(::llif)]]s.  ” ‘J’]l~s~ [’[l] l(:tiolls:  llL:L”:lll  iC.(]OLlt”  b>~
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(Iitrx:[ot,  aIKl (tic: ullioll  i s  IIca(kxl by ils s(xxtaly  [I, LHIL301,  WIIO  i s  tlIc. lcp,:il
1{’l)jcst:ll{:[lil’c  of [1](. 1’1’[1.
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III most colll]trics  active ill l’I’[l- 1<, a nntiol~al 1’1’()-1< colntl]it[cc  ]Ias l-)CC.l)
cs[ablish cd. “1’hc 11. S, Na[i(ma] C(nnmit[cc ()~ the I’I’U-K fullctiol]s as a
i-cdcral advisory comlniltc.c to tlIc 1 klmItmcII[ of Stafc. It c(mrdil]atcs  and
reviews the s~lbmissions 11-I:I(lc l)y [IIC Il]litc.d States to [IIC ]llrc.ti]]~,s of l’l’(J-
1<. Study ~iroup mclnbcrs arc dcleg,atcs sent by Il]cil :I(lltlil]ist]:lti(l]ls.
O[llcr 01g,;~lli7J:ltic)l-ls  can also par[icipatc hy silldi]]p [Ilrit cx]m [s as
jxlr[icipallts  if Il]cir org,allix.ation has bccIl dlni{ [cd I)y tll~’il 1’1’(1- 1<
National (kmmittcc. 111 tlIc lll~itcd St: Itc.s, tlIL~ Natic)]lal (I)]l]mittm
]I]cmlmrsl]ip is open 10 cvcryollc with 2 knol;lc.d~,c an(i illlclcst  ill
tclccoll]l]l[lllic:itioll”  lnnttcls. A WIitICII request or ap])licalio]] to tlm
parlictllar [1.S. StLIdy (;rou]) clmiqmrson is s[lfficicl~t 10 (xt:~l)lisl]
]~~c]l]lxrsllip.

l)toJ>:i[l,:i(io]l” is tlIc puwicw of Study (i]oup 3, and ])rcsclIlly i[ co]]sis[s of”
foLIr Workill~, l’ar[ics. lssllc.s rrlatcd to nlobilc satcllilc~ l)lo})a~,:ltioll” arc.
studied by Workinp, l)ar[y N4, cl]aircd l)y h41. h4nr[il] 11:1111. ‘1’IIc. 11. S. StLIdy
(iroup 3 dclcg,ation is chaired by IV1l. 1 {Idol] 1 la:ikillsoll?.

1’1’[1-1{ llltCoh4h41tNl)  A’JTloNS” IX)]: ‘1’1 IK l’l{}O)l CJ’ION ol”
l’ltol’A(;ArJ’loN”  IWIWX:’1’S  ON IVlolll 1.IC SA’J’1~1 /1 ,1’1’IC 1,INKS

I’I’LJ - R offm three ICCOIIIII-IcII(l:IticJIIS  fm IIIC J~rcdictioll of IH q~:lp,:llioll
cf~ccls ill ]nal-itimc, lad, and acmll:tuticd nlobile s:dcllitu links. ‘Jhc.sc
]c:co]llll]c])(i:~tio])s” arc nuIIIlwcxl 680, 08 I, aIId 68?, ]cs])~.ctivcly.

‘lhis lcco]ll]]lc]](l:ltic)]i deals with ]l]()]-):~p,:~[i()li  effects olI ]Il;lliti]nc. ]nobilc
s:ltc.llitc links, and it cx)]]sists of four alms:

* ‘1’lc)])os]>l~c]ic cffwts
●  lollos])l]c.ric” cffw.ts
o 1 ‘adi]]}~ dur to sea wflcctim
* II]tcrfcrc]lcc  from a(ljnccnt satellite systcIIIs

1 MI. 11:111’s  :Kkltcss: I{ U(IICI  I’OICI  Al)lIlc(otI  1 tltmta(oty,  (’llill(~ll, 1)](1(()(, OXON” OXI I ()()x, (IK
? hl[. II:l:ikillsotl’s  a(ld Icss: 1’1’S, (1.S,  lkl):II(IIIcII(  cIf(’tIIIIt  IIcIct, 3?5 l]t,):dway,  lIOIIldcI,  (’() 80303,  LISA
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‘lk ‘J’l-()])()s])l)elic 1 HTcds Scctim) rcfms tlm user 10 l<cco])ll]lcllcl:ltio]]”  618
of the I’JIJ-R. ‘J’hc lonosplm-ic Scctiwl dismsscs scintillation [III(1 l;araday
rt)[atio]), and a rcfcm)cc  is made. to l{eco]]llll(l](l:itio]l” 531. ‘1’{)pics suc]l as
fa(lc dc~~tl], fiIdc duration, :ind spcctrulrl s]lrc[lding (l{IC [t) ]1]111( i path al c
discussed in the SC(I Rcfledion  Sccliol]. ‘1’l]c Inodcls p]ovidcd ill [I)is
section  arc vnlid  for frcqurncics 1- 2 (;1 17,. llnally  a nldllo(l  for
calculatinfl sigml to interfcrcmcc prove I ratio in multip]c sa(cl]itc systems is
g,ivcm in the last section.

l{{?c{)ttllllcil[l[itioil  6$’1

‘1’lIc main co]ltrihutio]~ of’ l<cc[)]l]l-tle.]l(l:ltio~] 6S 1 is in p]o\’idill.p, five
import:lnl  prediction methods for land mobile satellite n])l)licatim]s:

1. 1 {lnpirical roadside shadowin:
2. At(o]uation frc(Jucncy sca]in:,
3. 1 ‘aclc duratiol~ distribution
4. Non-fade duration distril)utim
5. 1 ;:iding, dlIc 10 ml]ltipatll

All the almvc  m o d e l s  have. km cmpil ical]y  (Icrivcd. ‘1’lIc first  modd
enables the usm 10 prcdid  the effect of roadside Ircc sllwlowing  on the
mobile. satcl]itc  link. ‘1’hc lnodc] accc.pts  path dc. vafiol~ aIl~,lc and

pcrccntacc  of link availabi]i[y  as input parameters and out])llts fade depth.
‘Ilis In[dcl is valid for the ].5 {i] lx fwjuency.

‘J’hc scwnd  modd  pmvidcs a simp]c cquatiml for cxtcldi] ]:: the Imgc of
the Rondsidc  Shadowing Mode] to 0.8- 2..7 (;I 17. ‘1’IIc in])ut to tl~is mode] is
fade depth at frequency f ~, and the output is I adc dqtll  :It fmplcncy  f2, :~t
the same probability lCVC1.

‘J’hc third model  provides a method of calculating fmlc dut :Ition statistics in

land mobi]c satellite sys[clns. ‘J’his n)cthod :ijqllics only to a S-d]] fade
thrcsho]d and C:ISCS of moderate to cxtlcmc sl)admvil)[~,. Although
mcasurcmcnts  have shown a modmtc dcpcn(lcnm on c.lcv:~tiol~ an[jc,  no

dcpr.n(lcncc  o n  clcvati(m  angle  i s  g i v e n  ill t h i s  mode].  ‘llic fourth  m(dcl

]Jr(~vidcs :11) cstilnatc of non-fade st:itistics, a[’ail) rcstl ictcd to :1 5-dll fade
t h r e s h o l d .

4

‘J’IIc fifth ]nmlcl incl~ldcs two methods of prc(licting  fiidillg, d~lc to
multipath, (mc in a mountain cmvironlnmlt and the otlm it] a roadside tree
c])vironlncnt. (UIC:II line of site. is assul IIcd ilk both tllcsc lncthods.



All five of the models of ]lcco]lllllcll(]:itic)l’1 68 ] arc plagued wjth ]imitcd
cxpcrimcntd  data and the. difficulty of’ adcqu:~lc]y  describing the mobi]c
tCl”lNiJMl{ CJIVil”OJIJllCl)t. ‘] ’hCSC  JllOdC]S  Wi]] h’ lCfiJKX]  i l l  tllC flltUJ”C :iS J1lOIC

lllC:lSlll’C.JllCllt  S bCCOJIN [lV:li]:lb]C.

AJN)[lKH  iJll})OJl[~Jlt  ShOIKX)JlliJl~  O f  ]< CCOJllJllCll(l:l[  ion”  681 iS Ih:d it (10(X  JIOI

sufficicnt]y treat ]loll-gc(~statiolla].~~”  applications. ‘1’hr above 1110(ICIS WCI”C

dcvc]opcd using data from gcostationa]y spa(ccraf[. }ICIICC subllctics such
:1S dC])CJldC.JKC  OJI CICW:lti  OJl N@C,  W]li  Ch  iS [ill  iJll]N)l”t:lJlt  ]):ll’:l  JIIC,(C1”  iJl llOJ)-

~, COSt:ltiOJNN’Y  SyStCJllS,  :II°C J)ot tI’C[ltCd  :ldCqWitC]>’. Stdy (;l”OU])  ~ lllClllbCJ’S

;Irc curre.nt]y w“orkinp,  toward the improvcmc’nt and cxpansjon of
l<ccollllllcl]cl:ltiol~”  68 J modc]s. It is cxpcctcd that tl)c foll~)wing
cJIh:IIIccmcnls  will he provided iJl the IIC:iI  fu ture:

● A rigol”ous  description of the cnvil cml”ncllt
● } ixpandcd range of model applicability y (f] cqtlcncy,  elevation angle,

V:I1llC> [lJld ]) CJ’CCllt:i~,C)

● h40dcls valid for al] orbital cc)llf’iglll:~tio]ls (G1 Xl, 1,1 ‘(), 111 X), and
Ml{())

● l)ivcrsity  Jmodcls  (satcllilc diversity, aIItCJIIIa  divcrsily, etc.)

l(ccoi)t))tei~[I{ltiolt”  682

‘1’his  Iccollllllc]l(l:itioll” consists m:iillly of prediction ln(dcls  aJI(l data (m the
effect of Srou]ld reflections in aeronautical links. JI’adc statistics due to sea
reflections as a function of the path C]cvatiol’1 ang]c ca]i ~Jc computed. Also
C(hXCJICC  ]]:iJKIWi(h]l  :1S a fllJICti(Ml Of :iiJ’CJ”:ii [ dtit UdC  iS ~,i VC1l  fol” ]OW

e l e v a t i o n  a n g l e s . ]  ~:lt[l :11’C :i]S() ])1’OVidCd  OJ1 t]lC CffCCt of ]:111(]  J’Cf]CCt  ioJIS.

‘]’]Ic (hta  pl”OVi(]Cd  i l l  t h i s  ]{ CCOIlllllCJ)(]:ltioJl”  ]“I:IVC bCCll t:lkCll  :~t fl”C(]llCIKiCS

bCt WCCJl  ] :md 2 G] IY.

CONT1<lIILJ’1’IONS ‘1’() S’1’[JI)J7 (;l{O1ll} 3

Study C+ Jx)up  3 solicits contributions in tllc fc~rm of’ ill])llt documcnls  from
its JllClllbC1’S. ‘ ]  ’hCSC  iJIJNlt  dOCUJllCJltS  Jll~~ ]) J’()]X)SC  JllodifiC[ltiO1lS”  [HI(]

amem(hncnls  to Ilm exis t  iJl:g  Rc<comnm  l(lat ioJ Is, proposr.”  I Ic.w

l<ccoll~lllt:l~ cl:ltic)lls, or Jnay provik sij:nd m(asurcnml  It~ (I)mpa:atioll

(lata).  ‘lhc sul>ject nmt[cr  of the input docunlcn[s is loosr]y confined to
study programs cstablishd by study [iJ’OU])  :+ in I’CS])OJISC  to questions

posed  by R:idio Confe.rcncm,  the Study (;rolIp  itself, or otllcr Stlldy
Groups.
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1 ;01” Ihc pill’poses of- Inodd dcvclopmllt  and  t Cst il)g,, St lldy Group 3

maintains a data bank of propagation ]~~c:]st~~t:~]lc]~ts. As mc]~[iond car] icr,
l<ccoll]]]]c]l(lati{)]]s 680, 681, and 682 l]avc notable shortco]llings duc 10 the
scarcity of data. ‘Jim’cforc, it is very impor~:lnt that this l)ata IIa]]k is
rcgular]y supplied with ncw data to allow the cnhanmncnt  of mobile
satc]litc modc]s.  Study (iroup 3 has devclqxd a si mplc format for
supplying data to its l)ata IIank. l~m every sIudy area, a single-page table
is availab]c for cmtcring dala. l;or cxamp]c,  land mobi]c satcl]itc data
(l<cco]lllllc]l(l:itio]] 681 ) arc provided usins tllc tab]c sl)own in l:igurc  2.

I {ad table is looked after by a volunteer table kcc~)cr.  1 ‘or example t hc
author of this paper maintains the table shown in 1 ‘ip, urc, 2.. ‘1’hc lhta IIank,
which is the collection of all the tables in an electronic ftmn, has a
vo]u I)tccJ”  custodian, Mr. l~crlram Arbcsscr l<astbm”~ of” the 1 juropcan
Space A~,cncy. Supp]yinp,  data to Study Group 3 is, tlm cforc, very simple.
A table is filled out and pmvidcd to the Study Group as an input document.
‘J ‘hc t ab]c kccpcr of the supplied in format iml will I cvicw the data for
\/:lli(litY ~11(1 ~]arjty ancl will cntc]’ t] ICII] in th( (l~t~ l){~sc. AS :~ ]l]att~~ of
courlcsy, it is rccommcndcd  that arl clcctrmic  vcrsim  of’ the tab]c is also
pmvi(lcd  so that the, table keeper is rcl icvcd  ~’rom  kc.y J)~lnching the
in forma tio]l into the computer.

IIlank copies  of Study Group  3 data tal)]cs can lm obtailicd from the
l<:i(lioco]]~]l~ tl]]icatio]~ IIurmu in Geneva by simlin~ a ]nrssagc to Mt-. Kevin
1 ]ughcs,  counscllor (c-mail: kcviil.l~~l~,l]cs@>it  u.arcom. cll), h4r. 1 lughcs can
also provide the IIata IIank.

‘J ‘JIC KWYIrCh  cmductcd  for this ppc] was funded by the IcI l’repulsion
1 ,almrat my, California 1 nst itutc of Tcchnolo/\y, under a contrad  with the
National Aeronautics and Space A(l~l~il~ist]”atio~~.

1. .I. Goldhirsh and W. Vogel, l’mpigat ion l<ffkcttv  jii)r l.a}ld Mobile
,7(~tcllitc  ,f)~ivtcm.~:  Overview  of li.x])ci-inlaital  al)d Modeling I<e,vult,~,
NASA Rcfcrcncc l)ublicatio]l  1274, 1 ‘cl>. 1992.
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TABLE VII-3 Narrow-band statistics of Jand-mobile satellite links

station number L-L-L-4. 1-L-J

TX frequency (GHz  ) L-J.-s-J . L L_l-J

TX polarization (L/C) u

TX polarization tilt q,(dq) L – l - J .  J . L-J

RX average elevation angle L_i_J .L_L_J_J

RX CCIR rain zone u

~ipl  ●  O U r =  ( t r a n s m i t t e r  o n  i.e! Satelllto,  hall..

c o p t e r ,  ●  e r o p l a n e ,  b a l l o o n ,  t o w e r  ~U-LS

I f  s a t e l l i t e :  s a t e l l i t e  n a m e L~_ L -J-J

o r b i t a l  p o s i t i o n  (deg) E U-L-J.L-.L-LJ

T X  a n t e n n a  g a i n  t o w a r d a  m o b i l e  (dBi) U-J .LJ

*il.  ● t a t i o n

RX area name ~.L–L_L__J.L_l_L_  l_J._J

R X  c o u n t r y  (’) UJ

RX average l a t i t ude  ( -90 .  .+90) (deg) L—L_l_J  .U-1.-L-J

RX average longitude (0..360) (deg)  E L__L_JJ .u-l-J_J

A v e r a g e  v e l o c i t y  o f  v e h i c l e  ( k m / h ) L 1...  J-J

average  a l t i t u d e  amsl  h,= ( m )

a n t e n n a  heJght  ag h, ( m )

a n t e n n a  t y p e

3 dB beamwidth in Az em, (deg)

3 dB beamwidth in El f3al (degl

antenna gaJn (dBi)

antenna diameter D (m)

radome (Y/N)

polazizatlon  (L/C)

p o l a r i z a t i o n  tjlt qp(deg)

nultipath  reduction (Y/N)

1 I 1 I J

~.u

1 I I 1 1 1 I I I I I

L-L_td. L_L-J

L_L.J_J.  l-.J-J

I_.Jd. u

L_L_J. l_J_J

I 1 1 I

u
Ll_L.-I.u

u

RX dynamic range (dB) uti.~

RX minimum siqn.rl-tmnoisa  ratio (dB) L-LJ. u
Jo. Intagratlon  tjme [s) L 1 1 1 J

R>: Mdwldth (Hz) 1 I I t I

Data sampling ir,cerval (s) t-L.l_L—J.~

calibration intc. rvc.l (days) t_L.L_J, uJ

D6ta resolution (dB) ~.L.J_L_l

keaur~t:  Exp  N r .

Start date (yyyy. mm. dd)

E~,d data (yyyy. nm. dd}

D(, ration  of measurement in

this ● nvironment (h)

season

lkvkorlmarlt

Land mabile tart .sin type (’)

Btlilding type

Vegetation type

surface Conditic,  n (we, t, dry,

L I I J

LL-L-LJ. ~. L-L.J

L_LJJ-J.  L_J-l. w

1 1 1 ! t # ! 1 1 1 J

~L_L_J

I I 1 I

snow) U__Lu”

7ebl*  ● :
F a d e  d e p t h  (dR  relative to LOS) exceeded
and XPD (dB) NOT exceeded for percentage of time~335::m
ehlm b:
Fade duration reported in seconds or meters (s/m)

Fade duration (s or m) NOT exceeded ~or percentage of locations at given fade levels (see)

~2::“rE15:fm
Rafuulac  :

c0Emefrt8 :
(’)SOO  S 6.1 fOr list of country codes.
(’)Envlronment  types for land mobile: DU: dense urban, UR: urban, SW: suh. zhan, RU: rural, hlr: wooded, OP: o p e n ,
HI: hilly, MO: mountainous, WA: water.



station number LA .d–1~ I –1

TX frequency (GHz)
l_L_L-L . u J.-L

Tx polarization (L/C) Ld

TX po la r i za t i on  t i l t  q,fdeg) U_Ll . L-i

RX avorago elavatlon  angle u.J. ul_l

RX cCIR rain ZOne
Ld

girl SOW- (transmitter on i.e: Satellite, h~~i-

copter, aeroplane, balloon, tower
L-LL-L-L44.LL  J .J

If satellite: satelllte  name L.L_LdQd_LL  J d

orbital position (deg) E I-LL4 . i-LJ –1

TX antenna gain towards mobile (dBi) L..J– I . Ld

tiil* station

RX area namo Ld_L_~H. L.l..L. LL~–-L—L J –J

RX country (’)
L.l. l

RX average latitude (–90. .+90) (deg) L_L_Ll . L.! –L J ..!

RX averaqe 10nqitude (0. .360) (deg) E ‘-JL-’  “ ‘-’ –1 ‘-’

Average velocity of vehicle (km/h) LL .1 –1

RX average altitude amsl h,,  (m)

RX antenna height ag h, (m)

RX antenna typo L 1.

RX 3 dB beamwidth J n Az 8,., (deg)

RX 3 dB beamwidt  h in L.1 ~,., (deg)

RX antenna gain (dl+l )

RX antenna d~ametcr L) (m)

RX radome (Y/N)

RX polarization (1/C)

RX polarization tilt q,(deg)

RX multlpath reducclon (Y/N)

RX dynamic rang{, (cl~)

RX m i n i m u m  s i g n a l - t o - n o i s e  r a t i o  (dB)

R X  integrat~on  tlmc  ( s )

RX ~andwidth  (H?)

Oat<l sampling interval  (s)

Callk]rat  ion lntcr.,  al ( d a y s )

Data r e s o l u t i o n  (d~)

L..LLI–J

Lu . LI

.L~~Ld

~.ud

LJ LJ . Lti

LJ. U

UJ. L-U

LL u

LA

~.u

u
Uti .UJ

L_l..l  .U

I-L  –L-J

L~M

L 1- 1 .LJ . U.L-!

L1..1 .J . L. U

L.I.  L  I. I. L1--L-I

~aurarwant : F,x~, XT . LL. ti

Start date (yyyy. n,m.  dd) U..1 L.J.  Ud.  Lti

Enc~ date (yyyy. mm. dd) L.-l  _L.J..  L.l.  l. I. Ll_!

D u r a t i o n  o f  m e a s u r e m e n t  in

this  envlron,xer, [ ( h ) L. 1. 1 LJ .U..l..  J

Sesson L– U

Envlronmant

Lartd mobile terrain type (2) L .1 I.. LJ...J .J..~

Bu!lding type L l–l  1  1  L_  L.d..L.  I.–i

Vegetation type U.J—I

SLIT face Condition (WCC, dry, snow) L 1-1 .L.J

Tablo a:
Fade denth [dB  relatlvo  t o  L O S )  e x c e e d e d

able b :

hferences :

fade l e v e l s  ( s e e )

cOmLllan t# :
(’).$cc  5 6.1  for l~st of country codes.
( Y) F.nvlronment  ty~x:s for land mobile: DU:  dense u] ban, UR:  u rban ,  SU: sututl,an,  KU: rural , ‘riu:  wc,cdcd,  OP: OPen,
H I : h i l l y ,  M O : m o u n t a i n o u s ,  W A :  watr’r.


